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DESIGN  ANALYSIS 


ENERGY  DISSIPATOR  FACILITIES  AND  RIPRAP  REPAIR 
COY  GLEN  AND  CAYUGA  INLET 
ITHACA,  NEW  YORK 
CONTRACT  NO.  DACW49-75-C-0052 
WORK  ORDER  NO.  1 

SCOPE  &  GENERAL  RECOMMENDATIONS 

The  design  analysis  for  this  project  provides  detailed  designs  in 
four  sections  for  the  following  items. 

1.  Two  hydraulic  drop  structures  and  attached  wingwalls  on  Coy  Glen. 

2.  Soils  and  foundation  analysis  for  the  above  structures  and 
cantiliver  sheet  pile  wingwall  alternates  for  the  two  drop  structures. 

3.  Riprap  repair  for  the  section  in  Cayuga  Channel  between  the 
Lehigh  Valley  Railroad  bridge  and  the  drop  structure  at  Station  160+00. 

A.  Dynamic  water  loads  on  the  drop  structure  and  hydraulic  design 
for  Coy  Glen  by  the  Buffalo  District. 

The  design  considered  two  types  of  wingwalls.  The  factor  of  safety 
in  bearing  for  the  concrete  wingwalls  is  not  considered  adequate  and  the 
more  conservative  steel  sheet  pile  wingwalls  are  recommended. 

1 .  DROP  STRUCTURE  DESIGN 

1.1  This  design  is  for  the  two  drop  structures  and  concrete  canti¬ 
lever  wingwalls  of  Coy  Glen. 
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i 


1.2  The  design  of  the  drop  structures  wee  for  two  limiting  loedlng 
conditions:  (a)  no  flow  (empty)  with  saturated  soil;  and  (b)  design 
flow  with  dynamic  hydraulic  impact.  The  hydraulic  loads  are  based  on 

a  50-year  design  flow. 

1.3  The  walls  for  the  drop  structure  are  designed  for  an  at-rest 
earth  pressure  plus  water  pressure.  Calculations  for  the  wall  design 
are  on  Sheets  S-4  to  20. 

1.4  At-rest  lateral  earth  pressure  plus  water  pressure  was  used  for 
the  design  of  the  end  sills.  The  calculations  are  on  Sheets  S-21  to  28. 

1.5  The  baffle  flocks  in  the  bottom  of  the  drop  structures  have  been 
designed  for  a  horizontal  hydraulic  dynamic  force  of  3,000  pounds  each. 
The  calculations  are  on  Sheet  S-29. 

1.6  The  bottom  slab  of  the  drop  structures  has  been  designed  for 
normal  dead  load  plus  a  vertical  hydraulic  dynamic  load  of  1,630  p.s.f. 
over  a  five-foot  by  15-foot  area.  It  was  also  checked  against  uplift 
from  ground  water  pressure.  The  calculations  are  on  Sheets  S-30  to  42. 

1.7  The  wingwalls  for  the  drop  structure  were  designed  for  an  active 
earth  pressure  plus  water  pressure.  Three  wall  heights  were  designed,  one 
for  the  downstream  end  of  the  structures  and  two  for  the  upstream  end  of 
the  structures.  For  the  latter  two  wall  designs  one  is  founded  at  the 
same  level  as  the  drop  structure  and  the  other  is  founded  five  feet  above 
this  level.  Calculations  are  on  Sheets  S-43  to  58. 
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1.8  Detailed  plans,  elevations,  sections  and  construction  procedures 
have  been  developed  for  the  drop  structure  and  the  concrete  cantilever 
wingwall  alternates.  These  data  are  given  on  Sheets  S-59  to  66. 
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.1  AHS  SPANNING  IN  TWO  DIRECTIONS:  RECTANGULAR  PANELS  TARI.E  42 

CONCENTRIC  CONCENTRATED  LOADS 


SLABS  SIMPLY  SUPPORTED 


ALONG  ALL  FOUR  EDGES 


(WITH  COANIR  RI5TRAIAT.) 


TOTAL  LOAO(LB.)  ON  ARIA 


W(ot5m,» 


LB.  Ml  -  IN  ITALB.  HR  too-'  WMPTh) 
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SLABS  SUPPORTED  ON 


TWO  OPPOSITE  SI0E5  ONLY. 
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Note.— Sec  note  regarding;  square  panels  on  page  214. 
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SEA  US  SI’ANNINC.  IN  TWO  DIRECTIONS. 

Notation.  The  symlvil*  used  in  the  fnllowin^  ami  in  Tables  3S.  30.  4 1  4-’  and  43  arc  as 
folli-n*.  (The  corresponding  symliols  used  in  II  S  lode  No  114.  where  iliflerent.  are  given 
in  brackets.)  The  symlmls  used  in  Tables  40  and  44  are  given  in  the  respective  tables. 

II  —  total  load  (lb.)  on  the  slab  and  equal  to  wLbLl  lor  a  completely-loaded  panel,  and 
|U»!  to  Mtv  lor  a  partially-loaded  panel;  w  «  uniformly-distributed  load  (lb.  per  sq.  It  ). 

.’.»(/,)  and  it(/.)  “  short  and  long  spans  (ft.)  respectively,  h  =* 

T'fl 

Mn  and  Mi  =>  maximum  bending  moments  at  the  midspsin  of  the  short  and  long  spans 
respectively;  Mba  and  Mbc  —  bending  moments  at  supports  A  and  C  respectively  of  the 
short  span ;  Mid  and  Mig,  the  bending  moments  at  supports  D  and  E  respectively  of  the 
long  span.  Bending  moments  are  in  ft. -lb.  per  foot  width 

Kb  and  A'i  *■  bending-moment  reduction  factors  for  short  and  long  spans  respectively, 
corners  not  held  down;  Kb'  and  Ki  —  corresponding  factors  with  corners  held  down. 

isa(B  fa)  and  —  coefficients  for  positive  bending  moments  on  short  and 

long  snaps  respectively,  with  comers  held  down;  ms'  and  mi  —  corresponding  coefficients  for 

negative  bending  moments,  maol**  «*)  and  =  coefficients  for  positive 

bending  moments  on  short  and  long  spans  respectively  with  comers  not  held  down. 

Rectangular  Panels  Freely  Supported  along  All  Edges  with  U nil ormly- distri¬ 
buted  Load. — For  a  rectangular  panel  that  is  freely  supported  along  all  four  edges  in  such 
a  manner  that  the  corners  are  free  to  lift,  the  Graahof  and  Rankme  method  is  applicable 

f, 4 

and  the  bending  moment  redaction  coefficients  are  Kb  “  and  KL  —  r  —  Kb  The 

midspan  bending  moments  per  foot  width  Mb  and  Mi  are  calculated  from  the  formula;  in 
Table  38.  The  usual  limit  of  application  of  this  method  is  when  the  length  of  the  panel  is 
equal  to  twice  the  breadth,  that  is  when  k  1.  Beyond  this  limit  the  slab  is  considered 

to  span  across  the  short  span  only,  the  bending  moment  per  foot  -width  then  being  — 

For  the  condition  "  comers  not  held  down  ”,  the  bending-moment  coefficients  in  the 
B.S.  Code  correspond  to  mao  and  m^o  in  Table  39. 

In  cases  near  the  limit  of  *  —  2,  it  is  necessary  to  ensure  that  the  amount  of  reinforcement 
in  the  long  direction  is  not  less  than  the  minimum  amount  of  distribution  bars  required. 

For  panels  that  are  freely  supported  along  all  four  edges  but  with  the  comers  prevented 
from  lifting,  the  corresponding  coefficients  K'b  and  K'i  in  Table  38  conform  to  a  more  exact 
analysis  but  with  Poisson's  ratio  equal  to  zero. 

The  bending  moments  at  midspan  based  on  Dr.  Marcus's  method  are  the  midman  bending 
moments  calculated  by  the  Graahof  and  Rankine  method  multiplied  by  a  factor  C;  for  a  slab 

freely  supported  along  all  four  edges  C  —  1  —  |  midspan  bending  moments 


per  foot  width  are  Mb  «  CKb-^-  and  Mi  m  ~jr- 

The  resultant  bending  moments  by  the  method  of  Dr.  Marcus  and  the  exact  theory 
(with  Poisson's  ratio  equal  to  zero)  are  almost  identical.  If  Poisson's  ratio  is  assumed  to  be 

0-15.  the  midspan  bending  moments  per  foot  of  width  are  Mb  *=  — and 


0-15.  the  midspan  bending  moments  per  loot  of  width  are  Mb  *=  — and 

Mi  <m  5l£^2£i^o-i3  +  jpJ.  Alternatively  the  appropriate  coefficients  can  be  obtained 

from  the  curves  in  Tati*  42  for  —  1  for  a  slab  completely  covered  with  a  load  of 

Lb  Li 

w 

intensity  w  —  .The  bending-moment  coefficients  given  in  the  B.S.  Code  for  this  case 

correspond  to  mg  and  mi  in  the  top  left-hand  comer  in  Table  39. 

Rectangular  Panala  Fixed  along  Four  Sides  with  Uniformly-distributed  Load.— 
If  a  panel  is  completely  fixed  along  all  four  sides,  the  bending  moments  are  as  follows. 

Short  span:  Midspan  Mb  “■  +  o-8 Mbs.  Support  Mba  “  —  K's^j^- 

Long  span:  Midspan  Mi  ~  +  o-8Afic;  Support  Mid  “  —  K'l-~, 

where  K'b  and  K'i  are  as  in  Table  38.  (Sec  also  B.S. -code  method  on  page  208.) 

( Continued  on  page  208.) 
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•k[  m:S  SPANNING  IN  TWO  DIRECTIONS:  RECTANGULAR  PANELS.  -TATH.E  38. 
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continuity (omuity) mono  one  or  more  EDGES.  (B.S. CODE.) 
U____l.fTT)  ,  CONDITIONS: 
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■  MIDDLE  SIMP 


«  EDGE  STM  P 


CORNEAS  MELD  DOWN. 

TORSIONAL  RESISTANCE  PROVIDED 

NO  REINFORCEMENT  REQUIRED  IN  EDGE 
STRIPS  TORESIST  BENDING  MOMENT 
PARALLEL  TO  EDGES  OF  PANEL, 


- ^!j^UlPk>4-0 

MIDDLE  I  DCS  [IFK>4-0:IVIOTHOFMIDDIE  STRIP- li-lel 

strip  »TMP  L  11  «  EDGE  STRIPS  m  O  S  t.l 

IENTS(FT.-IB.  PER  FOOT)  IN  MIDDLE  STRIPS'.-  jf, 


STRIP  ITRIP  STRIP  L  ,1  .  loci 

SENDING  MOMENTS  (FT.-IB.  PER  FOOT)  IN  MIDDLE  STRIPS 

AT  MIDSPAN.  AT  CONTINUOUS  EDGE. 

short  span:  -v rnB w L 9  -mjwl! 

LONG  SPAN:  +muufL*  -m[wL* 


AT  discontinuous  edoe. 
(Slab  monolithic  with  support) 

~$r">6wL» 


It  •  LONG  SPAN  «*  KL5 


3NT. _  l  _ CO  NT. 

•  *  ■  Za 


CORNER  REINFORCEMENT  L ,  .  l  on G  s  p  a n  .  RL « 

FOR  TORSIONAL  RESISTANCE.  --t  L0N6  KL.g -j 

(9.  S.  COOE)  -  ,  | 

|  | 

.  A,tfAL-  CROSS  SECTIONAL  ARIa(pIRFT)  .  . 

OF  REINFORCEMENT  FOR  POSITIVE  S :  ^  £el£LT- l c  T. > _ 

I  8. ft  AT  MtOSPAM  OFIHORT  ANO  §  -  i  >♦  A.  PERFrlf"* 

j  LONG  SPANS  RSSPSCTIVILY.  Z  ,  -  1  *  » 

.^(rlVCROIS  SICTfONAlAMACPIAPT.)  “  J  J ^bIpSR FT.  I  x"'  <  |3 

ofcornirrsinforccmintin  Z  _ 7  _| 

EACH  OPTWOLAYSRJfONI  NIA*  J  4[L»  I  (a 

zzzzsr if Sfe  1  _ J«jj3 
[»  vn~k-k»m*.  1  felP^TRr Mill 

Notk,—  lor  values  of  m p.  m' b.  «(,  and  m't  (for  calculation  of  bending  moment*  on 
rniddlo  strip*)  see  Tabu  39- 
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SLA1JS  SPANNING  IN  TWO  DIRECTIONS  {continual). 

Square  Panels  {k  ~  t  o).— The  expression  in  Table  42  that  the  bending  moment  in  both 
directions  is  ir(»i»,  -f-  o-iyw,)  applies  only  if  load  is  over  entire  panel,  or  if  it  =  v. 

Other  conditions.  — 1<  anil  v  can  l>c  in  either  direc  tion ;  m,  is  the  U*mlmg  moment  cocOiciont 
in  the  direction  of  n ;  ms  is  the  coefficient  in  the  direction  of  v.  t'oeliK  ient  »/,  is  liamM  on 


and  as  selected;  for  coefficient  w%  reverse  u  and  v. 


If  =  o*.S  and  -  1 


0  2.  Wj  =  0*072;  for  £  1 


0*8,  w,  =  0*103. 


Ih  nding  moments. 

On  span  in  direction  of  u:  lT[o*072  +  (0*15  x  0*103)] 
On  span  in  direction  of  v :  IT[o*io3  -f  (0*15  x  0*072)] 


o*o87Hr  ft. -lb.  per  ft. 
o*xi4ir  ft. -lb.  per  ft. 


Examples  of  Pantla  Supporting  Concentrated  Loads. — The  following  examples 
illustrate  the  use  of  Tables  42  and  43  for  slabs  supporting  a  load  which  is  concentrated  uniformly 
over  an  area  less  than  the  entire  area  of  the  panel.  Notes  on  these  tables  are  given  on 
page  32. 


PARAPET  GlAOER 


l~U 4- ,7.  — ■ zzssriL  mi 

U 

%AT®qfcj 

•W/at 

s’cjt 

l.Lb-77 


A«V»20*| 


^  (a) 

-  W  •  10  TON  J  L 

^  »44,*oolB. - -"l 


JHm  3x4 TONS 

-6,00016. 


X-  39* 


_ i 

LL-llFT.6m.4 

(b) 


.i*  j-fr-jr 

— lL«  12-5  FT.  — ^ 

(C) 


(a)  The  footpath  of  a  bridge  spans  6  ft.  between  a  parapet  girder  and  a  main  longitudinal 
girder,  and  is  monolithic  with  both  girders  [diagram  («)].  The  live  load  is  either  too  lb.  per 
sq.  ft.  uniformly  distributed,  or  a  load  of  4  tons  from  a  wheel  the  contact  area  of  which  is 
12  in.  by  3  in.  (With  the  latter  load  the  stresses  may  be  increased  by  ;o  per  cent.;  that  is 
at  ordinary  working  stresses  the  wheel  load  can  be  assumed  to  be  about  6000  lb.)  These 
loads  comply  with  the  recommendations  of  the  Ministry  of  Transport. 

(i)  Assume  a  5-in.  slab;  total  uniformly-distributed  load  —  63  +  100  —  163  lb.  per  sq.  ft. 
With  continuity  at  both  supports,  bending  moment  at  midspan  and  at  each  support  is 
A  x  163  x  6-3*  xn  —  6400  in. -lb.  per  ft.  width. 

(ii)  Contact  area  of  12  in.  by  3  in.  at  the  wheel  can, be  increased  to  20  in.  by  11  in. 
[Table  6);  depth  to  the  reinforcement  it  about  4  in. 

The  slab  spans  mainly  in  one  direction;  the  curvee  in  the  lower  left-hand  corner  of  Table  42 

,  u  11  v  20  , 

apply. — t—  —  —  —  0-143;  - —  —  —  —  0-26;  m,  —  0-22  and  m,  —  0-12. 

Lt  77  ia  77 

Free  transverse  bending  moment  —  6ooo[o-2a  +  (0-13  x  o-i2)]i2  +  (|  x  63  x  6-3*  x  12) 
—  17.130  +  3750  —  20,900  in.-lb.  per  ft.  width. 

Allow  for  continuity  (partial  nxity)  by  reducing  the  free  bending  moment  due  to  the 
dead  load  by  one-third,  and  that  due  to  the  live  load  by  20  per  cent. ;  the  transverse  banding 
-  {Continued  on  page  216.) 
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2.  SOILS  ANALYSIS 


2.1  This  section  outlines  the  methods  used  to  determine  the  lateral 
pressures  for  design  of  the  drop  structures,  the  stability  of  the  drop 
structure  excavation,  and  the  design  of  the  sheet  pile  alternate  for  the 
drop  structure  wingwalls. 

2.2  For  the  design  of  the  drop  structures,  at-rest  earth  pressures 
were  used  while  for  the  design  of  the  wingwalls,  active  pressures  were 
used.  Sheet  A-l.  The  backfill  for  which  these  pressures  were  calculated 
was  a  sand  having  a  natural  unit  weight  of  120  pcf,  a  saturated  unit 
weight  of  133  pcf  and  an  angle  of  internal  friction  of  30  degrees. 

2.3  The  soil  profile  for  these  designs  is  based  on  borings  made 
for  the  Cayuga  Inlet  Flood  Protection  construction  and  is  shown  on 
Sheet  A— 2 . 


2.4  The  shear  strength  of  the  clay  above  El.  375  is  Important  to  the 
design  of  the  excavations  for  the  two  drop  structures  and  the  sheet  pile 
wingwall  alternates.  From  spoon  penetration  resistances,  average  N-2.5, 
it  was  initially  estimated  that  the  cohesion  of  the  clay  was  312  psf. 

Sheet  A-5.  Subsequently  a  limited  number  of  torevane  and  pocket  pene¬ 
trometer  tests  were  made  on  the  clay  at  the  site.  Sheet  A-7,  from  which 

it  was  concluded  that  the  value  of  the  clay  cohesion  was  600  psf  or  greater. 

2.5  The  stability  of  the  excavations  for  the  cohesion  values  of 
312  psf  and  600  psf  were  checked,  Sheets  A-5  and  A-5a.  For  a  cohesion 
value  of  600  psf  and  a  safety  factor  of  1.5,  a  0,5H:1V  slope  can  be  used 


82 


for  Structure  Mo.  1,  and  a  1H:1V  slope  can  be  used  for  Structure  Mo.  2. 
However,  because  of  potential  seepage  problems  at  the  excavation  bottom 
for  Structure  No.  2  and  potential  bottom  heave  at  Structure  Mo.  1,  It  Is 
recommended  that  dewatering  of  the  sand  and  gravel  layer  below  El.  375 
be  used  at  both  structures. 

2.6  Structure  Mo.  2  will  be  founded  on  the  dense  sand  and  gravel 
stratum  below  El.  375  and  therefore  should  have  good  bearing.  The  same 
condition  applied  for  the  concrete  cantilever  wlngwall  alternates  for 
this  structure  which  will  be  founded  at  the  same  level.  Structure  No.  1 
will  be  founded  on  clay  at  El.  383.  The  normal  dead  load  bearing  capa¬ 
city  safety  factor  for  the  box  structure  is  4.0  and  the  minimum  safety 
factor  for  dead  plus  maximum  live  load  Is  2.9.  For  the  concrete  canti¬ 
lever  wlngwall  alternate,  the  minimum  safety  factor  ranges  from  1.6  for 
the  downstream  wall  to  1.0  for  the  upstream  wall.  Should  It  be  desired 
to  utilize  the  concrete  cantilever  wlngwall  alternate  of  this  structure, 
it  Is  recommended  that  the  clay  beneath  the  wall  be  removed  down  to  the 
sand  and  gravel  stratum  at  El.  375  and  backfilled  with  sand  or  gravel  to 
the  footing  elevation.  Since  the  backfill  will  not  be  compacted,  a  maxi¬ 
mum  wlngwall  footing  bearing  value  of  2  tsf  should  be  used  so  to  limit 
settlement  of  the  wlngwall.  Bearing  capacity  calculations  for  a  cohesion 
of  600  psf  are  given  on  Sheet  A-7. 

2.7  Cantilever  steel  sheet  pile  wall  alternates  were  designed  for 
both  drop  structures.  Active  earth  pressures  were  utilized  for  these 
designs. 
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Above  the  channel  bottom  a  granular  backfill  was  assumed  with  full 
water  pressure  for  the  design  channel  depth  of  five  feet.  Below  the 
channel  bottom  clay  soil  was  assumed  and  the  differential  water  level 
was  assumed  to  decrease  linearly  to  zero  at  El.  375  since  the  sand  and 
gravel  layer  below  this  level  is  expected  to  balance  the  water  pressures 
in  each  side  of  the  sheeting.  The  design  for  the  cantilever  steel  sheet 
pile  wingwall  alternates  for  both  structures  is  included  in  Sheets  A-8 
to  31.  Design  summaries  are  given  on  Sheet  A-32. 
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LEGEND  -(SUBSURFACE  EXPLORATIONS) 


5/27/64  -  DATE  EXPLORATION  WAS  COMPLETED 
T  W.L.  -  WATER  LEVEL  IN  HOLE  WHEN  EXPLORATION  WAS  MADE 
150(0.4')  -  BLOWS  PER  FRACTION  OF  FOOT  AS  INDICATED 

|awj  -  MOISTURE  CONTENT,  %  DRY  WEIGHT  \ 

FW  -  FREE  WATER  IN  JAR  SAMPLE 

SP  -  SAND,  POORLY  GRADED 

SM  -  SAND,  SILTY 

SC  -  SAND,  CLAYEY 

GC  -  GRAVEL,  CLAYEY 

GM  -  GRAVEL,  SILTY 

GP  -  GRAVEL,  POORLY  GRADED 

GW  -  GRAVEL,  WELL  GRADED 

ML  -  INORGANIC  SILT,  LOW  TO  NO  PLASTICITY 
MH  -  INORGANIC  SILT,  HIGH  PLASTICITY 
ML-MH  -  SILT,  BORDERLINE  OR  MEDIUM  PLASTICITY 
CL-ML  -  BORDERLINE  BETWEEN  CLAY  AND  SILT 
SM-ML  -  BORDERLINE  BETWEEN  SILTY  SAND  AND  SANDY  SILT 
CL  -  INORGANIC  CLAY,  LEAN,  LOW  TO  MEDIUM  PLASTICITY 
CH  -  INORGANIC  CLAY,  FAT,  HIGH  PLASTICITY 
CL-CH  -  BORDERLINE  BETWEEN  LEAN  AND  FAT  CLAY 

OL  -  ORGANIC  SILT  OR  CLAY,  LOW  TO  MEDIUM  PLASTICITY 
PT  -  PEAT,  PREDOMINANTLY  ORGANIC 
N  -  NO  BLOW  COUNT  OR  SAMPLE  TAKEN 
P  -  SAMPLER  PUSHED  BY  HAND 

W  -  SAMPLER  SANK  UNDER  WEIGHT  OF  RODS  AND  HAMMER  ALONE 
NR  -  NO  RECOVERY 

- ►  -  INDICATES  THE  APPROXIMATE  CHANNEL  GRADE. 


Saturated  Moisiure  Content,  wgat  in  Percent  of  Dry  Weight.  Gs  =  2.67 


Relative  Density,  Dj^  in  Percent. 
Relative  Density-compactness  Rating. 


Dd  e  eL  -  eN  100%  =  1/W,  -  1/WN  100%  =  WL  -  WN  i00% 
-  CD  1/WL  -T/WD  wL  -  *D 

FIG.  2  -  Relative  Density,  Unit  Weight,  and  Compactness 

Rating  Diagram. 


Maximum  Density,  W  pcf.  G  =  2.  67 
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J'lC.  6.— Compactness  Performance  Hating  for  Evaluation  of  In-Place  Relative  Densities  and  Com¬ 
pactness  from  Boring  Records  and  Blow-Counts  on  a  2  by  li-In.  Sampler  under  a  140-lb  Hammer  falling 
30  in.  Bloiv-counts  are  governed  by  relative  density  in  the  sampling  depth  and  by  the  inllucnccs  of 
coarseness  or  fineness  of  soils  sampled.  (4,  figs.  4  and  5,  pp.  1257-125S.) 


TABLE  III  —  COMPACTNESS  PERFORMANCE  BATING  TOR  EVALCATION  OF  BLOW- 
COl'NTS  ON  A  2  BY  1}-IN.  SAMPLER  UNDER  A  140-LB  HAMMER  FALLING  30  IN. 
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Re:  D.  M.  Burmister,  "Physical,  Stress-strain  and  Strength 
Responses  of  Granular  Soils,"  ASTM  STP  No.  322,  1962. 
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S/f. 


I'lO.  14. — Angle  of  Friction  Performance  Rating  Showing  Controlling  Influences  of  Identification  and 
Relative  Density  of  Granular  Soils  and  of  Strain  Conditions  on  the  Simultaneously  Mobilizablc  Shearing 
Strengths.  (5.  Raamol  test  data.)  The  angle  of  friction  must  be  referenced  to  the  initial-dcpositional 
relative  densities  of  Fig.  5  as  a  tentative  basis. 


Ref. 


P.  M.  Burmister,  "Physical,  Stress-Strain  and  Strength 
Responses  of  Granular  Soils",  ASTM  STP  No.  322,  1962. 
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3.  RIPRAP  ANALYSIS 


3.1  The  riprap  analysis  is  for  replacement  of  riprap  that  has  been 
eroded  away  in  the  Cayuga  Inlet  channel  between  the  Lehigh  Railroad 
bridge  and  the  drop  structure. 

3.2  An  inspection  of  the  site  showed  that  the  riprap  that  could  be 
observed,  that  on  the  banks  of  the  channel,  was  in  good  condition  and 
exhibited  no  signs  of  erosion.  Riprap  on  the  bottom  of  the  inlet  channel 
could  not  be  observed  because  of  the  depth  of  water. 

3.3  Theoretical  analyses  of  riprap  requirements  were  made  of  the 
inlet  channel  below  the  railroad  bridge,  Sheets  R-l  to  R-6.  The  theo¬ 
retical  analysis  was  in  good  agreement  with  that  specified  for  the 
construction,  Sheet  R-6,  Typical  measurements  of  stone  on  the  channel 
bank.  Sheet  R-10,  showed  that  the  stone  placed  was  reasonably  close  to 
that  specified  for  the  construction. 

3.4  The  agreement  between  the  above  noted  theoretical  analysis  and 
performance  of  the  stone  on  the  bank  indicate  the  riprap  performance  along 
the  channel  bank  is  in  agreement  with  the  theoretical  design  at  this  site. 

3.5  In  June  1964,  sieve  analyses  were  performed  on  the  foundation 
material  in  the  area  of  the  proposed  riprap  repair.  An  average  gradation 
curve  based  on  these  analyses  was  plotted  on  ENG  Form  2087  (see  page  107A) . 

The  range  for  a  filter  design  based  on  this  foundation  material  and  the 
range  for  the  bedding  material  specified  in  the  1967  contract  are  also 
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shown  on  ENG  Form  2087.  Comparison  of  the  curves  Indicate  that  the  finer 
sizes  of  the  bedding  gradation  specified  in  the  1967  contract  were 
similar  to  the  native  material  and  the  coarser  range  fell  within  the 
filter  design  limits.  Therefore,  the  existing  foundation  material  and 
the  specified  bedding  material  in  the  1967  contract  are  compatible. 

ENG  Form  2087  also  indicates  a  bedding  material  which  falls  within  the 
range  of  the  filter  design  and  is  the  proposed  bedding  material  to  be 
used  in  the  riprap  repair. 

3.6  A  theoretical  analysis  was  made  for  the  riprap  in  the  scour 
area  just  below  the  drop  structure.  Sheets  R-7  and  8.  It  was  found  that 
the  required  size  was  essentially  the  same  as  that  used  on  the  original 
construction.  It  is  concluded  that  the  riprap  failure  at  this  location 
is  therefore  due  to  local  turbulence  occurring  because  of  the  drop 
structure.  It  appears  that  the  drop  structure  is  of  inadequate  length 
for  full  attenuation  of  turbulence  caused  by  the  water  fall. 

3.7  Stone  sizes  for  traction  shear  forces  up  to  2.8  times  the  normal 
value  were  investigated  on  Sheet  R-9.  Since  the  stone  size  is  a  function 
of  the  third  power  of  the  traction  shear  force,  the  resulting  stone  sizes 
grew  rapidly  as  the  design  traction  force  was  increased. 

3.8  The  stone  size  proposed  by  the  Buffalo  District  is  about 

2.5  times  the  size  theoretically  required  if  turbulence  were  not  present. 

It  also  results  in  an  increased  traction  shear  resistance  of  25  percent. 

The  use  a  larger  size  stone  to  provide  50  percent  increase  in  traction 

i 

I 

Sc 

i 


107 


GRADATION  CURVES 


shear  resistance  results  in  a  stone  size  4  times  that  theoretically 
required.  The  use  of  any  larger  size  stone  is  not  practical  since  it 
would  be  larger  than  the  scour  hole  it  is  to  fill. 

3.9  It  is  concluded  that  the  size  stone  to  be  used  in  the  scour  area 
will  have  to  be  based  on  judgment  since  no  evaluation  of  the  turbulence 
present  in  this  area  under  high  flow  can  be  made.  The  size  riprap  proposed 
by  the  Buffalo  District,  Sheets  R-ll  to  R-13  are  reasonable  since  it  is 
two  and  a  half  times  larger  than  that  which  was  eroded  out. 

3.10  Riprap  designs  for  the  two  adjacent  Coy  Glen  drop  structures 
developed  by  the  Buffalo  District  are  included  on  Sheets  R-14  to  R-18. 
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RIPRAP  REPAIR 
for 

CAYUGA  IKLET 


1.  The  stone  for  riprap  shall  be  placed  in  a  layer  24  inches  thick  and 
shall  conform  to  the  following  gradation  and  as  shown  on  Plate  1 
attached  to  this  Inclosure: 
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Riprap  Gradation 

X  Lighter  by  Weight 

Limits  of  Stone, 

*  Maximum 

Weight  in  Pounds 
Minimum 

100 

700 

250 

50 

250 

135 

15 

100 

40 

2.  Where  sufficient  material  has  been  eroded  to  require  underlayers, 
the  following  are  recommended: 

a.  Spalls  -  see  gradation  below  and  Plate  2  attached  to  this 

inclosure  v 

b.  Sand  and/or  gravel  -  similar  to  a  concrete  aggregate  mix 


Spalls  Gradation 


U.S.  Standard  Sieve  Size  (inches) 

Percent  Passing  By  Weight 

8 

100 

6 

80-100 

3 

40-70 

1 

0-25 

\ 

\ 

1/2 

0-10 
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RIPRAP  DESIGN 
FOR 

COY  GLEN 


1.  The  riprap  to  be  placed  25  feet  upstream  and  downstream  of  each  drop 
structure  and  In  the  channel  section  from  stations  0+00  to  station  0+25 
shall  be  in  a  layer  24  inches  thick  with  9  inches  of  bedding  and  shall 
conform  to  the  following  gradations  and  as  shown  on  plates  1  and  2 
immediately  following. 


Riprap  Gradation 

X  by  Weight  Passing 

Limits  of  Stone  Weight 
Maximum 

in  Pounds 
Minimum 

100 

700 

250 

50 

250 

135 

15 

100 

40 

Bedding  Gradation 


U.  S.  Standard  Sieve  Size  (Inches) 

Percent  Finer  By  Weight 

4 

100 

2 

65-100 

1 

50-90 

3/4 

45-83 

No.  4 

25-60 

10 

14-48 

40 

0-30 

No.  200 

0-10 

Sh.  H-rt 

121 
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2.  In  the  areas  between  station  0+25  to  station  1+75  and  stations  2+53 
to  station  3+03,  the  riprap  shall  be  placed  in  a  layer  21  inches  thick 
with  9  Inches  of  bedding.  The  riprap  shall  conform  to  the  following 
gradation  and  as  shown  on  plate  3;  the  bedding  material  shall  conform  to 
the  gradation  above  and  as  shown  on  plate  2  immediately  following. 


Riprap  Gradation 


Z  by  Weight  Passing 

Limits  of 
Maximum 

Stone  Weight  in  Pounds 
Minimum 

100 

300 

110 

50 

150 

60 

15 

50 

15 
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DESIGN  ANALYSIS,  AUGUST  1975 
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ONE  SIZE  PERCENT  UGH 

pounds:  by  WeidMi 


DATE  DESIGN  ANALYSIS,  AUGUST  1975 


4.  HYDRAULxC  DESIGN 


A.l  Hydraulic  calculations  were  necessary  for  the  design  of  the 
drop  structure  bottom  slab  and  the  design  of  the  baffle  blocks. 
Calculations  of  the  hydraulic  impact  on  the  bottom  slab  are  on 
Sheets  H-l  and  2.  Calculations  of  the  lateral  dynamic  force  on  the 
baffle  blocks  are  on  Sheet  H-3. 

A. 2  The  Buffalo  District  Corps  of  Engineers  developed  the 
hydraulic  design  for  Coy  Glen  which  are  on  pages  132  through  146 
and  include  the  following  items: 

Hydraulic  Design  Methodology  -  page  132 
Hydraulics  of  Spillways  -  page  137 
Drop  Structures  and  Check  Dams  -  page  142 
Drop  Structure  Correspondence  -  page  145 
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structurftl  design.  The  structure  must  be  made 
sufficiently  stable  to  resist  sliding  against  the  im¬ 
pact  load  on  the  baffle  wall.  The  entire  structure 
must  resist  the  severe  vibrations  inherent  in  this 
type  of  device,  and  the  individual  structural 
members  must  be  sufficiently  strong  to  withstand 
the  large  dynamic  loads. 

Riprapping  should  be  provided  along  the  bottom 
and  sides  adjacent  to  the  structure  to  avoid  the 
tendency  for  scour  of  tin1  outlet  channel  down¬ 
stream  from  the  end  sill  when  a  shallow  tailwater 
exists  Downstream  wingwulls  placed  at  45°  may 
also  be  effective  in  reducing  scouring  tendencies 
ami  flow  concentrations  downstream. 


Fiyvre  218.  An  impact  type  ttillinj  baiin  in  operation. 


203.  Plunge  Pools. — When  a  free-falling  overflow 
nappe  drops  vertically  into  a  pool  in  a  riverbed,  a 
plunge  pool  will  be  scoured  to  a  depth  which  is 
related  to  the  height  of  the  fall,  the  depth  of  tail- 
water,  and  the  concentration  of  the  flow  (l.'f| 
Depths  of  scour  are,  influenced  initially  by  the 
erodihility  of  the  stream  material  or  the  bedrock 
and  by  the  size  or  the  gradation  of  sizes  of  any 
armoring  material  in  the  pool.  However,  the 
armoring  or  protective  surfaces  of  the  pool  will  he 
progressively  reduced  bv  the  abrading  action  of 
the  churning  material  to  a  size  which  will  be 
scoured  out.  and  the  ultimate  scour  depth  will,  for 
all  practical  considerations,  stabilize  at  a  limiting 
depth  irrespective  of  the  material  size.  An  empir¬ 
ical  approximation  based  on  experimental  data 
has  been  developed  by  Veronese  [14]  for  limiting 
scour  depths,  as  follows. 

rf,  =  1 .32  IPf  m  q°  64  (26) 

where . 

maximum  depth  of  scour  below  tail- 
water  level  in  feet, 

//r=the  head  from  the  reservoir  to  tailwater 
levels  in  feet,  and 

q*=  the  discharge  in  second-feet  per  foot  of 
width. 


F.  HYDRAULICS  OF  SPILLWAYS 


204.  Free  Overfall  ( Straight  Drop)  Spillways.  - 

fa)  (inn  nil  The  hydraulic  problems  of  the  free 
overfall  spillway  arc  concerned  with  the  character¬ 
istics  of  the  control  and  with  the  dissipation  of  flow 
in  the  downstream  Imsin.  Flow  over  the  control 
ordinarily  is  free  discharging;  air  is  admitted  to  the 
underside  of  the  nappe  to  avoid  the  jet  being  de¬ 
pressed  by  reduced  underneath  pressure.  Dissi¬ 
pation  of  the  flow  in  the  downstream  basin  may  be 
obtained  by  the  hydraulic  jump,  by  impact  and 
turbulence  induced  in  a  basin  with  impart  blocks, 
or  by  a  slotted  gruting dis.siputor  installed  immedi¬ 
ately  downstream  from  the  control. 


The  control  may  be  either  sharp  crested  to  pro¬ 
vide  a  fully  contracted  vertical  jet,  broad  crested 
to  effect  a  fully  suppressed  jet,  or  shaped  to  in¬ 
crease  the  crest  efficiency.  Coefficients  of  dis¬ 
charge  will  approximate  those  indicated  in  section 
190.  The  sides  of  the  control  usually  are  arranged 
to  allow  for  ftdl  side  contraction,  in  order  to  pro¬ 
vide  side,  space  for  the  access  of  air  to  the  under¬ 
side  of  the  nappe.  This  contraction  is  effected  by 
providing  square  abutment  headwalls  or  by  in¬ 
stalling  square-cornered  vertical  offsets  along  the 
piers  or  walls  opposite  the  crest.  The  effective 
length  of  the  crest  is  then  determined  according  to 


DESIGN  OF  SMALL  DAMS 


equation  (4)  where  Kp  and  Ka  will  approximate 
0.20. 

Tlu*  dimensions  of  the  stilling  hasin  for  the 
free  overfall  spillway  can  he  related  to  two  inde¬ 
pendent  variables;  namely,  the  drop  distunee  }' 
and  the  unit  discharge  y.  These  variables,  which 
are  dimensional  terms,  can  he  expressed  in  a 
dimensionless  ratio  by  expressing  y  in  lineal  form 
by  means  of  the  equation  for  critical  depth, 

3  /'? 

</.=  -»/ '-i  as  follows: 

\ 


‘h__ 3  r? 

v  V'/)’1 


From  this  expression  it  can  be  seen  that  ■  y ,  is 

a  dimensionless  ratio  which  ran  be  used  ns  an 
independent  variable  to  which  the  individual 
dimensions  may  be  related.  'Phis  ratio  is  called 
the  “drop  number"  and  is  designated  D.  It  can 

-  •  ,  /</,  V 

be  shown  that  D  is  the  product  of  t\‘  and  (  y  )  > 


where  Ft  is-  the  Fronde  number 


at  the 


point  where  the  nappe  meets  the  basin  lloor. 

(b)  Hydraulic  Jump  Basin.— The  jump  charac¬ 
teristics  of  the  straight  drop  basin  are  basically 
the  same  as  those  for  other  jump  basins,  except 
that  the  position  of  the  start  of  the  jump  cannot 
be  determined  as  readily  as  it  can  for  other  basins. 
On  figure  219  the  point  (if  the  start  of  the  jump 
(point  X)  will  vary  with  the  vertical  drop  distance 
and  is  influenced  by  the  under  nappe  pool  depth, 
dr.  The  basin  design  downstream  from  point  X 
will  he  patterned  after  those  discussed  in  section 
199,  once  distance  !.d  is  determined.  Values  of 
the  depth  d,.  and  of  the  Fronde  number,  F,, 
at  the  start  of  the  jump  in  relation  to  the  drop 
number,  75,  are  shown  on  figure  219.  These 
relations  may  be  used  for  determining  the  basin 
dimensions. 

Where  tuihvuter  depths  arc  greater  than  the 
conjugate  depth  d-.,  the  jump  will  move  hack  on 
the  free  falling  nappe  raising  the  depth  d,  of  the 
under  nappe  pool.  With  greater  depths  of  the 
under  nappe  pool,  the  nappe  will  not  plunge 
immediately  to  the  floor  of  the  basin  hut  will  he 
delhwted  upward  along  the  top  of  the  under  pool 
so  that  it  will  meet  the  lloor  to  the  right  of  point 
X  The  distance  to  (he  start  of  the  jump,  /M, 
will  become  progressively  longer  as  the  tail  water 


depth  is  increased.  Average  values  of  l.d  in  rela¬ 
tion  I o  i  as  determined  from  tests,  are  plotted 

on  figure  219.  For  a  basin  with  excessive  depths 
the  type  II  basin  discussed  in  section  199  is  most 
adaptable.  The  impact  block  type  Imsin,  discussed 
below,  also  can  be  adopted  for  low  drop  spillways 
with  excessive  tailwaler  depths. 

(<■)  hr  pad  Block  Type  Hnxiu.  An  impact 
block  basin  has  been  developed  [1]  for  low  heads 
which  gives  reasonably  good  dissipation  of  energy 
for  a  wide  range  of  tailwater  depths.  The  dis¬ 
sipation  of  the  high  energy  is  principally  by 
turbulence  induced  by  the  impingement  of  the 
incoming  flow  upon  the  impact  blocks.  The 
required  tailwater  depths,  therefore,  become 
more  or  less  independent  of  the  drop  height.  The 
linear  proportions  are  as  follows: 

Minimum  basin  length,  f.B  =  I.p  t  2.55  dr 
Minimum  length  to  upstream  face  of  baffle 
block  =  Z.P  + 0.8  d, 

Minimum  tailwater  depth,  dlu.—2. 15  d. 
Optimum  baffle  block  height  —  0.8  d. 

Width  and  spacing  of  baffle  block  =  0.4  d,-. i 
Optimum  height  of  end  sill  =  0.4  d r 

(d)  Slotted  Gratiny  I 'Hunt pat  or.  -  An  effective 
dissipator  for  small  drops  is  illustrated  on  figure 
220.  This  device  has  been  tested  for  values  of  the 
Fronde  number,  /•’, .  us  determined  at  hasin  apron 
level,  in  the  range  of  2.5  to  4.5.  For  this  arrange¬ 
ment  the  overfalling  sheet  is  separated  into  a 
number  of  long,  thin  segments  which  fall  nearly 
vertically  into  the  basin  below,  w  here  dissipation  of 
energy  takes  place  by  turbulence.  To  be  effective 
the  length  of  the  grating,  l,ri,  must  he  such  that  the 
entire  incoming  flow  will  fall  through  the  slots 
before  reaching  the  downstream  end.  The  length  is 
therefore  a  function  of  the  total  discharge,  the 
velocity  of  the  incoming  flow,  and  the  area  of  the 
grating  slots.  Experimental  tests  indicate  that 
the  following  relation  gives  an  effective  design: 


0.24  !iwN y'iyll, 


where: 


l.r,  ~  the  length  of  the  grating  in  feet, 
w  =the  width  of  the  slot,  in  feet. 

A1  -»  the  number  of  slots,  and 

/7,=  thc  depth  of  flow  upstream  from  the  drop 


M  RATIOS 


SPILLWAYS 


f«6-4S4  O  -  65  -  22 


310 


DESIGN  OF  SMALL  DAMS 


Tlie  length  of  tlic  Itnsin.  /.B.  should  ho  approxi¬ 
mately  1  2  I,n  An  end  sill  similar  to  that  for 
hasiri  typo  I,  disoussod  in  section  199,  can  ho  pro¬ 
vided  to  improve  the  hydraulic  action. 


Figur «  220.  Slotted  groling  ditsipator. 


(oj  Example  of  Desiyn  of  a  Free  Overfall  Spill- 
iiiii/.  -The  procedure  for  designing  a  free  overfall 
spillway  is  best  shown  by  menus  of  an  example. 
Consider  that  such  a  spillway  is  to  he  designed 
to  discharge  500  second-feet.  The  drop  from  (lie 
spillway  crest  to  the  tnilwater  level  for  a  flow  of 
500  second -feet  is  12  feet.  (Tailwater  elevation  is 
1O.S.0.)  The  approach  channel  is  20  feet  long  and 
the  approach  floor  is  level  with  the  spillway  crest 
which  is  at  elevation  120.0.  Each  type  of  energy 
dissipator  is  to  he  investigated. 

The  procedure  for  design  of  the  hydraulic  jump 
basin  is  as  follows.  First,  assume  the  effective 
length  of  the  spillway  crest  to  ho  15  feet.  Assume 
an  approximate  value  of  C='.\. 0  The  unit  dis¬ 

charge.  ij,  is  equal  to  l  —  22.2  second-feet  and  //, 
I  .i 

/  (,  \2/3  /  T* 

is  equal  to  ^  -p  )  —l  .j  ()  j  ’5.0  feet  The  reser¬ 
voir  water  surface  elevation,  therefore,  is  120.0 
+  5.0  -  125.0.  Thus  the  drop  from  reservoir  level 
to  tnilwater  level  will  he  approximately  17  feet. 

Assume  that  an  offset  of  0.5  foot  is  provided 
along  each  side  of  the  weir  to  effect  side  contrac¬ 
tions  for  aerating  the  underside  of  the  sheet,  and 
that  the  offset  is  square-cornered.  Then  the  net 
crest  length,  which  will  also  he  the  stilling  basin 
width,  is: 


//  I.  i  2K.II,  i  2(0.5)  -  15 

I  2(0.2) (5 1  i  1 .0  IS  O  feet. 


Figure  20S  is  used  to  determine  the  approximate 
apron  level  of  the  jump  Imain,  a- ’timing  the  effec 
live  width  of  the  basin  to  he  15  feel  mid  (for  the 
first  trial)  that  there  will  lie  no  loss  of  energy  lie- 
tween  the  reservoir  and  the  point  where  the  jet 
strikes  the  basin  floor.  From  scale  A,  the  con¬ 
jugate  depth  (l2  for  q  55.5  second-feet  and  IIT  IT 
feet  is  H.K  feet,  which  places  the  apron  floor  at 
elevation  (10.2.  )’  is  equal  to  elevation  I20-- 

elevation  99.2  -20.8  feet,  and  the  drop  number 

77  is  equal  to  ^3-=;j2 .sxi^'’  00^  For  T) 
0.00:18,  from  figure  219  y— 0.875  and  d,  7.8  feet. 


The  apron  level  then  must  he  adjusted  to  an 
elevation  which  is  d2  below  the  tailwater  elevation 
108.0,  or  elevation  100.2. 

For  the  second  trial,  the  adjusted  value  of  V  is 


_  33  ’i2 

19.8  and  I)  is  equal  8:,==°  For 


ll— 0.0044  and  j*  —^J--~:i.4,  from  figure  219,  — 

1.02  and  20.2  feet.  Also  d,-- 1.1  feet  and/'’, 


=  5.T 

With  the  values  of  Fj  —  fiff,  d,--  1.1  and  d2  —  7.8, 
the  arrangement  of  the  type  II  basin  shown  on 

figure  200  can  he  used.  From  figure  200,  j,;=2.27 

and  18.5  feel.  The  length  of  the  basin 

measured  from  the  vertical  crest  is  equal  to 
/,*+/,„  —  20.2  !  18.5  —  28.7  feet.  The  distance  of 
the  baffle  blocks  from  the  vertical  crest  for  this 
basin  will  he  20.2  feet  plus  0.8  d.t  or  20.2  plus  0.8 
(7.8)-- 20.4  feet,  approximately. 

The  bailie  blocks  will  lie  approximately  1.5  i/, 
or  1.0  feet  high  and  will  he  about  14  inches  wide 
and  spaced  at  about  28-inch  centers. 

For  the  imparl  black  basin,  tin-  procedure  is  as 
follows:  The  critical  depth,  dr,  is  equal  to 

-y feet.  Then  from  figure  219, 

for  V)  0.0044  and  j'*  -  2.4’  y  =--(). 85  and  l.p  17.0 

feel.  The  minimum  length  of  the  basin,  /,„,  is 
equal  to  /.„  +  2.55  <1,  17.0  I  2.55  (2  2)  25.4  feet, 

say  20  feet.  The  minimum  tailwater  depth  of 
2.15  </c  will  he  7.1  feet  which  places  the  basin 
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floor  11!  elevation  1(10  0  Tin'  distance  from  flic 
veil  Kill  crest  lo  I  fir  bafllc  bl'ickx  will  lx*  /, -f  0.8 
il,~  17.0  '  0.8  ■;  f{.3  —  I  OH  fori .  SUV  20  foot .  Tlio 
ImlHo  blocks  will  ho  it l>< > u t  o  8  (/r  or  3.0  foot  high 
nml  about  18  molios  wulo,  spaced  ut  about  .{-foot 
centers  Tlio  ohil  sill  will  bo  0.1  d,  or  about  I  ."> 
foot  lligll 

It  can  bo  soon  from  tho  abovo  rosult  thal  if 
tlio  impart  block  basin  is  used,  tho  basin  can  bo 
made  almost  13  foot  shorter  than  that  required 
for  a  hydraulic  jump  basin,  and  also  that  tho 
impact  block  basin  will  bo  0.7  foot  shallower. 
The  bafllo  blocks  for  tho  hydraulic  jump  basin 
will  bo  smaller  and  spaced  closer  together  than 
those  for  the  impact  block  basin. 

This  example  shows  that-  the  impact  block  basin 
is  considerably  smaller  than  tho  hydraulic  jump 
Imsiii.  However,  the  impact  block  basin  should 
bo  limited  to  use  where  the  drop  distance  does 
not  exceed  20  feet.  Furthermore,  as  previously 
explained,  the  foundation  for  an  impact  block 
basin  must  be  of  better  quality  because  of  tho 
concentrated  forces  involved.  The  hydraulic 
jump  basin,  therefore,  has  a  much  wider  applica¬ 
tion  of  use. 

Tho  slutted  grating  dissipator  is  not  suitable  in 
this  case  because  the  Froude  number  of  5.3  is  in 
excess  of  the  4.5  value,  which  is  tho  tested  limit 
for  a  practical  slotted  grating  design. 

205.  Drop  Inlet  ( Shaft  or  Morning  Glory )  Spill¬ 
ways. —  (a)  General  Characteristics. — Typical  flow 
conditions  and  discharge  characteristics  of  u  drop 
inlet  spillway  are  represented  on  figure  221.  As 
illustrated  on  the  discharge  curve,  crest  control 
(condition  1)  will  prevail  for  heads  between  the 
ordinates  of  a  and  ij.  orifice  or  tube  control  (con¬ 
dition  2)  will  govern  for  heads  between  the  ordi¬ 
nates  of  g  and  h,  and  the  spillway  conduit  will 
flow  full  for  heads  abovo  the  ordinate  of  It 
(represented  as  condition  3). 

Flow  characteristics  of  a  drop  inlet  spillway 
will  vary  according  to  the  proportional  sizes  of 
tho  different  elements,  ('hanging  the  diameter 
of  the  crest  will  change  the  curve  ah  on  figure 
221  so  that  the  ordinate  of  g  on  curve  cd  will  be 
either  higher  or  lower.  For  a  larger  diameter 
crest,  greater  outflows  can  lie  discharged  over  the 
weir  at  low  heads  and  the  transition  will  fill  up 
and  tube  control  will  occur  with  a  lessor  head  on 
the  crest.  -Similarly,  by  altering  the  size  of  the 


throat  of  the  lube,  the  position  of  curve  cd  will 
change,  indicating  the  heads  above  which  tube 
control  will  prevail.  If  the  transition  is  made  of 
such  size  that  curve  cd  is  moved  to  coincide  with 
or  lie  to  the  right  of  point  j,  the  control  will  shift 
directly  from  the  crest  to  the  downstream  end  of 
the  conduit.  The  details  of  the  hydraulic  flow 
characteristics  are  discussed  in  following  sub¬ 
sections. 

(b)  ( 'rest  Discharge. — For  small  heads,  flow  over 
the  drop  inlet  spillway  is  governed  by  the  char¬ 
acteristics  of  crest  discharge.  The  vertical  transi¬ 
tion  beyond  the  crest  will  flow  partly  full  and  thti 
flow  will  cling  lo  the  sides  of  the  shaft.  As  the 
discharge  over  the  crest  increases,  the  overflowing 
annular  nappe  will  become  thicker,  and  eventually 
the  nappe  flow  will  converge  into  a  solid  vertical 
jet.  The  point  where  the  annular  nappe  joins 
the  solid  jet  is  called  the  crotch.  After  the  solid 
jet  forms,  a  "boil”  will  occupy  the  region  above 
the,  crotch;  both  the  crotch  and  the  top  of  the  boil 
become  progressively  higher  with  larger  discharges. 
For  high  heads  the  crotch  and  boil  may  almost 
flood  out,  showing  only  a  slight  depression  and 
eddv  at  the  surface. 

Until  such  time  as  the  nappe  converges  to  form 
a  solid  jet,  free-discharging  weir  flow  prevails. 
After  the  crotch  and  boil  form,  submergence  begins 
to  ufTect  the  weir  flow  and  ultimately  the  crest  will 
drown  out.  Flow  is  then  governed  either  by  the 
nature  of  the  contracted  jet  which  is  formed  by 
the  overflow  entrance,  or  by  the  shape  and  size  of 
the  vertical  transition  if  it  does  not  conform  to  the 
jet  shape.  Vortex  action  must  be  minimized  to 
maintain  converging  flow  into  the  drop  inlet. 
Guide  piers  are  often  employed  along  the  crest  for 
this  purpose  [5,  (j,  22]. 

If  the  crest  profile  and  transition  •conform  to  the 
shape  of  the  lower  nappe  of  a  jet  flowing  over  a 
shnrp-crested  circular  weir,  the  discharge  char- 
act eristic s  for  flow  over  the  crest  and  through  the 
transition  can  be  expressed  as: 

Q  ('UPn  (31 

where  //  is  the  head  measured  either  to  the  apex 
of  the  under  nappe  of  the  overflow,  to  the  spring 
point  of  the  circular  sharp-crested  weir,  or  to  some 
other  established  point  on  the  overflow.  Similarly, 
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energy  dissipators  apply  also  to  storm-drain  outfalls.  Generally,  how- 
:  'fr,  the  range  of  exit  velocities  is  likely  to  be  more  limited  for  storm 
drains,  and  elaborate  structures  for  energy  dissipation  are  rarely  re¬ 
quired.  If  the  storm  drain  discharges  into  a  large  stream  channel  or  a 
lake  or  ocean  where  strong  hydraulic  forces  are  present,  artificial  dissi¬ 
pation  of  effluent  energy  is  rarely  required,  but  particular  care  must  be 
liken  to  insure  that  the  outlet  structure  (1)  does  not  adversely  affect  the 
streambank  or  shore  stability,  and  (2)  is  not  caused  to  fail  as  a  result  of 
the  exterior  forces. 

c.  Channel  Outlets.  Improved  channels,  especially  the  paved 
ones,  commonly  carry  water  at  velocities  higher  than  those  prevailing  in 
the  natural  channels  into  which  they  discharge.  Usually  a  judicious  use  of 
riprap  will  suffice  for  dissipation  of  excess  energy.  The  terminus  of  a 
paved  channel  will  require  a  cutoff  wall  to  preclude  undermining.  Ln  ex¬ 
treme  eases  a  structure  such  as  a  flared  transition,  stilling  basin,  or 
impact  device  may  be  required. 

2-14.  DROP  STRUCTURES  AND  CHECK  DAMS.  a.  Description  and 
Purpose ■  Drop  structures  and  check  dams  are  designed  to  checx  channel 
erosion  by  controlling  the  effective  gradient,  and  to  provide  for  abrupt 
manges  in  channel  gradient  by  means  of  a  vertical  drop.  They  also  pro¬ 
vide  a  satisfactory  means  for  discharging  accumulated  surface  runoff 
over  fills  with  heights  not  exceeding  about  5  feet  and  over  embankments 
higher  than  5  feet  provided  the  end  sill  of  the  drop  structure  extends  be- 
y  md  the  toe  of  the  embankment.  The  check  dam  is  a  modification  of  the 
dro..  structure  used  for  erosion  control  in  small  channels  where  a  less 

irate  structure  is  permissible.  The  hydraulic  design  of  these  struc¬ 
tures  may  be  divided  into  two  general  phases,  design  of  the  notch  or  weir 
and  design  of  the  overpour  basin.  It  must  be  emphasized  that  for  a  drop 
structure  or  check  dam  to  be  successful,  not  only  must  the  structure  be 
designed  soundly,  but  also  the  structure  or  series  ol  structures  must  be 
so  placed  as  to  cause  the  ditches  or  channels  to  become  stable.  The 
question  of  what  ts  a  stable  grade  for  the  channel  must  be  answered  before 
the  height  and  spacing  of  the  various  drop  structures  can  be  determined. 
Also  the  structure  must  be  designed  to  preclude  flanking. 

b.  Design  Rules.  Pertinent  features  of  a  typical  drop  structure 
are  shown  in  figure  24.  (Features  of  an  alternate  drop  structure  are 
given  in  paragraph  DROP  STRUCTURES  AND  CHECK  DAMS  of 
EM  1  110-345-283.) 
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(1)  Notation  used  in  the  design  of  drop  structures  is  as 

follows : 

C  =  weir  coefficient  =  3.0 

L 

Cl  =  coefficient  of  basin  length  =  — 

si  hdc 

dc  =  critical  depth  over  crest,  feet 
H  =  head  on  weir  =  3/2  dc,  feet 
h  =  height  of  drop,  feet 
h'  =  height  of  end  sill,  feet 
L  =  length  of  basin,  feet 
Q  =  discharge,  cubic  feet  per  second 
W  =  length  of  weir  or  width  of  crest,  feet 

(2)  Weir.  Discharge  over  the  weir  should  be  computed 
from  the  equation  Q  =  CWH^/2,  using  a  C  value  of  3.0.  The  length  of 
the  weir  should  be  such  as  to  obtain  maximum  use  of  the  available  chan¬ 
nel  cross  section  upstream  from  the  structure.  A  trial-and-error  pro¬ 
cedure  should  be  used  to  balance  the  weir  height  and  width  with  the  chan¬ 
nel  cross  section. 

(3)  Stilling  basin  length  and  end  sill  height  should  be  deter¬ 
mined  from  the  design  curves  in  figure  24. 

(4)  Riprap  probably  will  be  required  on  the  side  slopes  and 
below  the  end  sill  immediately  downstream  from  the  structure. 

2-15.  MISCELLANEOUS  STRUCTURES.  a.  Chutes.  The  chute 
provides  a  satisfactory  method  of  discharging  accumulated  surface  runoff 
over  fills  and  embankments.  A  typical  design  is  presented  in  figure  25, 
and  design  charts  for  chutes  constructed  of  concrete  for  various  gradi¬ 
ents  and  discharges  are  shown  in  figure  26.  On  the  basis  of  laboratory 
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DETAILS  AND  DESIGN  CHART 
FOR  TYPICAL  DROP  STRUCTURE 


Coy  C.jou  -  Drop  Structure 


Q  =  1000  cfs 

W  =  30  ft 

q  =  33.3  cfs 

d  =3.25 
c  - 

h  =  393.5  -  386.0  =  7.5  ft 

h/dc  =  7.5/3.25  =2.3  • 

From  fig.  24,  KM  11  10-345-284,  -  TV” 

\  -  4-°  ' 

L  =  4.0  /  hdj  =19.7 

Since  design  curve  results  in  a  basin  length  10  percent  greater  than 
minimum  acceptable,  reduce 

19.7/1.1  =  17.9  ft 

Thus,  I  would  place  the  row  of  baffles  18  ft  from  the  drop  rather  than 
1^.6  ft  as  shown  on  sketch  with  letter  to  Weinrub  dated  28  April  1972.  If 
a  solid  sill  is  used  in  place  of  baffles,  its  height  should  be  0.5  dc  = 

1.7  ft.  With  baffles,  2.6  ft  as  shown  probably  is  good. 

Also,  the  above  indicate  that  the  basin  floor  should  be  at  about  elev.  384. 
I  would  raise  the  basin  to  this  elevation,  use  a  2-ft-high  end  sill,  and 
eliminate  the  reverse  slope  on  the  channel  bottom  immediately  downstream 
of  the  end  sill.  This  1  on  3  reverse  slope  would  require  large  riprap. 

If  a  reverse  slope  were  required,  it  should  be  no  steeper  than  1  on  10. 


Further,  I  would  put  some  rounding  on  the  abutments  (see  plate  2  of  the 
Gering  report,  TR  2-760).  Also  I  would  terminate  the  side  walls  at  the 
end  sill.  The  flared  wing  walls  do  more  harm  than  good;  use  only  if 
required  as  retaining  walls. 

Summarizing,  I  would  end  up  with  a  basin  24.5  ft  long  rather  than  22  ft, 
and  at  elev.  384.0  rather  than  382.81.  I  would  place  the  2.6-ft-high 
baffles  18  ft  from  the  drop  rather  than  IS. 6  ft.  I  would  use  a  2-ft-high 
end  sill.  I  would  round  the  abutment  walls  and  would  eliminate  the  flared 
wing  walls. 


T.  E.  MURPHY 

Chief,  Structures  Branch 
15  May  1972 
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MATERIAL  SURVEY 
FOR 

DESIGN  ANALYSIS 
GENERAL 


1.  A  materials  survey  to  determine  construction  material  sources  for 
energy  dissipator  facilities  and  riprap  repair  was  performed.  Interested 
sources  were  investigated. 

2.  The  survey  consisted  of  a  preliminary  file  search  in  which  the  following 
were  considered: 

a.  An  analysis  of  the  results  of  quarry  investigations. 

b.  Laboratory  testing  of  samples  and  an  analysis  of  the  test  results, 

and 

c.  The  evaluation  of  available  service  records. 

3.  The  survey  included  a  sufficient  number  of  sources  capable  of  pro¬ 
ducing  the  required  materials. 

MATERIAL  DESIGN  CRTERIA 


4 .  Material  Types  and  Gradations 

a.  General .  The  stone  materials  for  the  proposed  construction  con¬ 
sists  of  two  sizes  of  riprap,  spalls,  and  bedding.  In  all  cases,  no  stone 
shall  exceed  an  elongation  ratio  of  3:1, 

b.  Type  A  Stone.  (Riprap).  This  stone  will  be  a  reasonably  well 
graded  material  having  a  maximum  size  of  700  pounds.  The  gradation 
shall  be  as  follows  and  shall  be  within  the  limits  shown  on  Figure  1  at 
the  end  of  this  section. 


Stone  Size 

Percent  Lighter 

in  Pounds 

by  Weight 

250-700 

100 

135-250 

50 

40-100 


15 


c.  Tyjje  B  Stone.  (Riprap).  This  stone  will  be  a  reasonably  well- 
graded  material  having  a  maximum  size  of  300  poundB.  The  gradation  shall  be 
as  follows  and  shall  be  within  the  limits  shown  on  Figure  2  at  the  end  of 
this  section. 


Stone  Size 

Percent  Lighter 

in  Pounds 

by  Weight 

110-300 

100 

60-150 

50 

15-50 

15 

1-35 

5 

d.  Type  C  Stone  (Spalls).  This  material  will  consist  of  a  reasonably 
well-graded  stone  and  shall  have  sizes  ranging  between  8  inches  and  fines. 
The  gradation  shall  be  as  follows  and  shall  be  within  the  limits  shown  on 
Figure  3  at  the  end  of  this  section. 


Sieve  Designation 

U.S.  Standard  Square  Mesh 

Percent  Finer 
by  Weight 

8  inches 

100 

6  inches 

80-100 

3  inches 

40-70 

1  inch 

0-25 

1/2  inch 

0-10 

e.  Type  D  Stone  (Bedding).  This  material  will  consist  of  a  reasonably 
well-graded  stone  ranging  between  4  inches  and  fines.  The  gradation  shall 
be  as  follows  and  shall  be  within  the  limits  shown  on  Figure  3  at  the 
end  of  this  section. 
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c.  Type  B  Stone.  (Riprap).  This  stone  will  be  a  reasonably  well- 
graded  material  having  a  maximum  size  of  300  pounds.  The  gradation  shall  be 
as  follows  and  shall  be  within  the  limits  shown  on  Figure  2  at  the  end  of 
this  section. 


d.  Type  C  Stone  (Spalls).  This  material  will  consist  of  a  reasonably 
well-graded  stone  and  shall  have  sizes  ranging  between  8  inches  and  fines. 
The  gradation  shall  be  as  follows  and  shall  be  within  the  limits  shown  on 
Figure  3  at  the  end  of  this  section. 


e.  Type  D  Stone  (Bedding).  This  material  will  consist  of  a  reasonably 
well-graded  stone  ranging  between  4  inches  and  fines.  The  gradation  shall 
be  as  follows  and  shall  be  within  the  limits  shown  on  Figure  3  at  the 
end  of  this  section. 
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Sieve  Designation 

U.S.  Standard  Square  Mesh 

Percent  Finer 
by  Weight  , 

4  inches 

100  i 

2  inches 

65-100 

1  inch 

50-90 

3/4  inch 

45-83 

No. 4 

25-60 

No.  10 

14-48 

No.  40 

0-30 

No.  200 

0-10 

5.  Required  gradations  generally  are  not  standard  production  items.  Some 
stone  materials  have  a  broad  gradation  band  and  most  producers  indicate 
little  or  no  trouble  producing  these  materials.  However,  sources  that 
produce  coarse  aggregates  for  concrete  may  have  trouble  manufacturing  or 
grading  materials  for  the  bedding.  Contractors  will  be  required  to  provide 
the  selected  sources  adequate  lead  time  to  produce  the  various  stone 
products,  and  the  Contractor  may  propose  more  than  one  source  for  each  of 
the  materials. 

6.  Material  Weight.  The  required  minimum  specific  gravity  for  this  pro¬ 
ject  and  Design  Analysis  level  is  2.4  (or  150  pounds  per  cubic  foot)  for 
all  materials. 

7 .  Material  Quality. 

a.  General .  Quality  requirements  for  each  material  type  are  discussed 
below.  Riprap  and  larger  spalls  have  been  subjected  to  tests  established 
by  the  Ohio  River  Division  Laboratories,  Cincinnati,  OH.  Tests  No.  P-11, 
"Riprap  and  Breakwater  Stone  Evaluation"  includes  a  suite  of  tests  to 
determine  stone  durability.  The  smaller  size  materials  such  as  the  smaller 
spalls  and  the  bedding  are  included  in  ORDL  Test  Nos.  C-21  and  C-22, 
(Elementary  Acceptance  Tests  for  Fine  Aggregates  (C-21)  and  Coarse 
Aggregates  (C-22)  for  Civil  Works." 

b.  Design  Criteria.  Design  criteria  is  a  limiting  factor  on  the 
number  of  available  sources.  Some  producers  will  be  eliminated  from  the 
list  because  their  stone  failed  to  meet  the  minimum  specific  gravity  (SSD) 
of  2.4. 
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c.  Type  A  Stone  (Riprap,  1  to  700  Pounds).  These  stones  will  be  a 
durable  material,  free  from  cracks,  seams  and  overburden  spoil.  Only 
those  sources  from  which  the  samples  did  not  show  any  significant  breakdown 
during  the  freeze-thaw  and  wet-dry  tests  are  suitable.  The  freeze-thaw 
tests  were  performed  for  35  cycles  and  the  wet-dry  tests  for  80  cycles. 

d.  Type  B  Stone.  (Riprap,  1  to  300  pounds).  These  stones  will 
be  a  durable  material,  free  from  cracks,  seams  and  overburden  spoil. 

Only  those  sources  from  which  the  samples  did  not  show  any  significant 
breakdown  during  the  freeze-thaw  and  wet-dry  tests  are  suitable.  The 
freeze-thaw  tests  were  performed  for  35  cycles  and  the  wet-dry  tests 
for  80  cycles. 

e.  Type  C  Stone.  (Spalls,  1/2  inch  -  8  inches).  These  stones  will  be 
a  reasonably  durable,  clean  material  free  from  cracks,  seams,  overburden 
spoil,  and  other  deleterious  materials.  Only  those  sources  from  which 

the  samples  did  not  show  any  significant  breakdown  or  deterioration  during 
the  freeze-thaw,  wet-dry,  and  ORD  lab  test  No.  C-22  tests  are  suitable. 

f .  Type  D  Stone.  (Bedding  Material,  No.  200  Sieve  to  4  inches) .  This 
material  will  be  a  reasonably  durable  stone,  clean  and  free  from  overburden 
spoil,  shale,  siltstone  and  other  deleterious  materials.  Only  those  sources 
that  did  not  show  any  significant  deterioration  in  the  ORD  Lab  Test  Nos.  C-21 
or  C-22  are  suitable. 


POSSIBLE  SOURCES 


8.  The  required  stone  materials  to  construct  the  facilities  can  be 
produced  from  the  sources  indicated  on  plates  1  through  7,  "Possible 
Sources."  These  sources  may  be  revised  for  the  plans  and  specifications. 
However,  all  material  from  those  sources  may  not  be  suitable.  The  right 
will  be  reserved  in  the  specification  to  reject  materials  from  certain 
localized  areas,  zones,  strata,  channels,  or  stockpiles  when  such  materials 
are  determined  as  unsuitable. 

9.  It  is  anticipated  that  selective  quarrying  will  be  required  for  some 
material  types.  Blasting  techniques  used  for  normal  production  will  require 
adjustments  or  in  some  cases  complete  tailoring  to  produce  riprap.  The 
specifications  shall  state  that  the  Contractor  require  the  source  to  desig¬ 
nate  lifts,  beds,  and/or  areas  of  the  quarry  for  the  production  of  riprap. 
Seasonal  blasting  and  stockpiling  of  materials  will  be  required  prior 

to  delivery  at  the  project.  Also,  the  specifications  will  require  that 
shale  and  other  undesirable  materials  will  be  excluded  by  adequate 
processing.  All  sources  proposed  by  the  Contractor  will  be  subject  to 
retesting  prior  to  use  in  the  project. 

10.  Twenty  (20)  sources  are  capable  of  producing  the  required  materials. 
Transportation  and  logistics  may  be  a  problem  for  some  of  the  smaller 
quarry  operators  as  railheads  and  loading  docks  are  some  miles  from  the 


quarry.  Truckers  often  are  reluctant  to  transport  larger  materials  due 
to  damage  of  truck  beds. 

11.  Riprap. 

a.  Type  A  (1-700  pounds).  Nine  sources  are  listed.  Three  of  these  are 
within  32  miles  of  the  project. 

b.  Type  B  (1-300  Pounds).  Eleven  sources  are  listed.  Three  of  these 
are  within  32  miles  of  the  project. 

12.  Spalls.  (Type  C,  1/2  -  8  inches).  Fifteen  sources  are  listed.  Three 
of  these  are  within  32  miles  of  the  project. 

13.  Bedding  Material.  (Type  D,  No.  200-4  inches  sieve).  Nineteen  sources 
are  listed.  Three  of  these  are  within  32  miles  of  the  project. 

14.  Riprap  was  used  for  both  the  Cayuga  Inlet  and  Wellsville  Rectification 
Projects.  Cayuga  Crushed  Stone  supplied  stone  to  Cayuga  Inlet  in  1965,  1967, 
and  1968.  Brown  Quarry  was  opened  in  1968  to  supply  additional  stone. 

General  Crushed  Stone  Inc.,  Honeoye,  supplied  riprap  to  the  Wellsville 
Rectification  Project  in  1971.  Only  specific  ledges  in  some  quarries  can 
produce  the  required  size  for  riprap.  For  example,  the  basal  4  feet  at 
Brown  Quarry  is  too  thin-bedded  for  use  as  a  riprap  material.  Some 
quarries  will  require  selective  quarrying  and  productivity  may  be  a  problem. 

15.  Both  spalls  and  bedding  gradations  are  not  standard  production  items 
and  producers  will  be  required  to  change  screens  or  to  blend  available 
gradations. 
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STONE  SIZE  IN  INCHES  U.  S.  STANDARDSIEVE  NUMBERS 


notes: 

(.  number  in  circle  indicates  quarry  site. 

2.  FOR  QUARRY  NAMES  AND  PRODUCTS,  SEE 
SUPPLEMENT  SHEET. 
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"  PLATE  I 


MAP  SUPPLEMENT  SHEET 
SUMMARY  OF  POSSIBLE  SOURCES  FOR 
CONSTRUCTION  MATERIALS 


W"r,,r-  Hut  •  ■  -Yi-r  '  I 


TYRP  A.  fi. 


POSSIBLE  SOURCES  FOR  TYPES  A,B,C  AND  D  STONE 


SOURCE 

ROCK , TYPE 

PROPOSED  USE 

RADIAL 

DISTANCE 

- 

BROWN  QUARRY 

QUARRY  NEAR  OVID,  N.Y. 

OFFICE  NEAR  OVID,  N.Y. 

TULLY  LIMESTONE 

TYPES  A,B  AND  C 

STONE 

23  Ml. 

CAYUGA  CRUSHED  STONE  CO.,  INC. 

QUARRY  AT  SOUTH  LANSING,  N.Y. 

OFFICE  AT  SOUTH  LANSING,  N.Y. 

TULLY  LIMESTONE 

TYPES  A,B,C  AND  D 

STONE 

6  Ml. 

CLARENDON  STONE  PRODUCTS 

QUARRY  AT  CLARENDON,  N.Y. 

OFFICE  AT  CLARENDON,  N.Y. 

LOCKPORT  DOLOMITE 

TYPE  D  STONE 

95  Ml. 

CONCRETE  MATERIALS,  INC. 

QUARRY  AT  SWEDEN,  N.Y. 

OFFICE  AT  SWEDEN,  N.Y. 

LOCKPORT  DOLOMITE 

TYPES  C  AND  D 

STONE 

88  Ml. 

/ 

r 


D1AL  _ LABORATORY  TEST  RECORD _ 

fANCE  DATE  TESTED  LABORATORY  PROJECT  FOR  WHICH  TESTED 


Ml.  MARCH  1969 


Ml.  MARCH  1967 


SEPTEMBER  1965 


Ml.  MAY  1972 


Ml.  JANUARY  1971 


ORD  LAB 

LAB  #  103/69.61 1C 


ORD  LAB 

LAB.  #  I0I/67.358C 


ORD  LAB 

LAB  #  I03/66.600C 


ORD  LAB 

LAB  #  103/72. 6I0C 


CAYUGA  INLET 
ITHACA,  N.Y. 


CAYUGA  INLET  FLOOD  PROTECTION 
PROJECT,  ITHACA,  N.Y. 


CAYUGA  INLET, 
STAGES  I  AND  II 


OAK  ORCHARD  HARBOR,  N.Y. 


ORD  LAB 

LAB  #  I0I/7I.362C 


ROCHESTER  HARBOR,  N.Y. 
EAST  PIER  REPAIRS 


SEO 


SERVICE  RECORD 

PROJECT 


EVALUATION 


REf 


CAYUGA  INLET 
ITHACA,  N.Y. 


CAYUGA  INLET  FLOOD  PROTECTION 
PROJECT,  ITHACA,  N.Y. 


CAYUGA  INLET 


STAGES  1,11  AND  III 

UNKNOWN 


ROCHESTER  HARBOR,  N.Y. 

EAST  PIER  REPAIRS 

TESTING  REQUIRED.  SPECIFIC  GRAVIT 
PROCESSING  EQUIPMENT  MAYBE  LACK  IN 

SPECIFIC  GRAVITY  IS  2. 76"! 


UNIT  WEIGHT  AVERAGES  171.2  P.C.F. 
REQUIRED. 


REMARKS 


TESTING  REQUIRED.  SPECIFIC  GRAVITY  OF  2.72  BASAL  Y  FEET  NOT  ACCEPTABLE 
PROCESSING  EQUIPMENT  MAYBE  LACKING. 


SPECIFIC  GRAVITY  IS  2.76. 


UNIT  WEIGHT  AVERAGES  171.2  P.C.F.  RAIL  FACILITIES  AVAILABLE.  TESTING 
REQUIRED. 


SPECIFIC  GRAVITY  IS  2.76.  ONLY  TRUCKING  FACILITIES  AVAILABLE. 


SPECIFIC  GRAVITY  IS  2.75. 
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POSSIBLE  SOURCES  FOR  TYPES  A,B,C  AND  D  STONE 


SOURCE 

ROCK  TYPE 

PROPOSED  USE 

RADIAL 

DISTANCE 

CONCRETE  MATERIALS  INC. 

QUARRY  AT  MANCHESTER,  N.Y. 

OFFICE  AT  BROCKPORT,  N.Y. 

ONONDAGA  FORMATION 
(LIMESTONE) 

TYPES  C  AND  D 

STONE 

49  Ml. 

COUNTY  LINE  STONE  CO. 

QUARRY  AT  AKRON,  N.Y. 

OFFICE  AT  AKRON,  N.Y. 

ONONDAGA  FORMATION 
(LIMESTONE) 

TYPES  A,B,C  AND  D 

STONE 

107  Ml. 

DOLOMITE  PRODUCTS 

QUARRY  AT  GATES  CENTER,  N.Y. 

OFFICE  AT  ROCHESTER,  N.Y. 


LOCKPORT  FORMATION 
(DOLOMITE) 


TYPES  B,C  AND  D 
STONE 


78  Ml. 


DOLOMITE  PRODUCTS 
QUARRY  AT  PENFIELD,  N.Y. 
OFFICE  AT  PENFIELD,  N.Y. 


LOCKPORT  FORMATION 
(DOLOMITE) 


TYPES  B,C,  AND  D 
STONE 


68  Ml. 


RADIAL 

LABORATORY  TEST  RECORD 

DISTANCE 

DATE  TESTED 

LABORATORY 

PROJECT  FOR  WHICH  TESTED 

DATE  USED 

49  Ml. 

AUGUST  1973 

ORD  LAB 

LAB  #  103/73. 630C 

CONFINED  DREDGE  SPOIL  DISPOSAL 
PROGRAM  (RIPRAP) 

UNKNOWN 

107  Ml. 

MAY  1967 

ORD  LAB 

LAB  #  103/67. 605C 

WARSAW  N.Y.  FLOOD  CONTROL  PROJECT 
(RIPRAP) 

1967 

FEBRUARY  1971 

ORD  LAB 

LAB  #  103/71. 6I2C 

BUFFALO  DIKED  DISPOSAL  AREA  #2 
(RIPRAP) 

1971 

SEPTEMBER  1974 

ORD  LAB 

CONFINED  DREDGE  SPOIL  DISPOSAL 

AREAS  NOS.  1  AND  2,  BUFFALO  HARBOR 
NEW  YORK  (REPAIRS) 

78  Ml. 

MAY  1972 

ORD  LAB 

LAB  i  103/72.6  IOC 

OAK  ORCHARD  HARBOR,  N.Y.  (CORE 
STONE,  COVER  STONE  AND  CONCRETE 
AGGREGATE) 

UNKNOWN 

68  Ml. 

UNKNOWN 

UNKNOWN 

BUFFALO  DIKED  DISPOSAL  AREA  #2 
(RIPRAP) 

UNKNOWN 

UNKNOWN 


JUNE  1973 


ORD  LAB 

LAB  #  103/73. 603C 


CONFINED  DREDGE  SPOIL  DISPOSAL 
PROGRAM 


EVALUATION 


UNIT  WEIGHT  IS  167  P.C.F. 


RE 


TEST  I 


UNKNOWN 


APPEARS  SATISFACTORY 


TOO  EARLY  TO  EVALUATE 


THE  SECOND  LIFT  ONLY  IS  APPROVED 
MEMBER  OF  THE  ONONDAGA  FORMATION 
TESTING. 


ONLY  THE  SECOND  LIFT.  EAST  FACE 
AVERAGES  168  P.C.F.  RAIL  FACILH 


BOTH  FIRST  AND  SECOND  LIFTS  REQi 
REQUIRED. 


UNKNOWN 


ONLY  THE  FIRST  LIFT  (PENFIELD  ME 
UNIT  WEIGHT  IS  APPROXIMATELY  171 
QUARRY.  TESTING  REQUIRED. 


UNKNOWN 


ONLY  THE  PENFIELD  MEMBER  ACCEPT/ 
NOT  AVAILABLE. 


UNKNOWN 


UNIT  WEIGHT  VARIES  FROM  163  P.C. 
WILL  REQUIRE  TESTING. 


remarks 


UNIT  WEIGHT  IS  167  P.C.F.  TESTING  REQUIRED. 


MFMRFff ^nwnllnlf’ ! S  AF>^R0VED  F°*  RIPRAP  AND  IS  FROM  THE  MOOREHOUSE 
^  THE  MOMAGA  FORMATION.  CRUSHED  MATERIALS  WILL  REQUIRE 
ftSlINu. 

aucdaJcc  ffC0ND  LIFT’  EAST  FACE  TESTED  FOR  THIS  PROJECT.  UNIT  WEIGHT 
AVERAGES  168  P.C.F.  RAIL  FACILITIES  NOT  AVAILABLE. 

,FDLRnT  AND  SEC0ND  LIFTS  r^uire  retesting,  selective  ouarrying 

REQUIRED. 


ONLY  THE  FIRST  LIFT  (PENFIELD  MEMBER)  ACCEPTABLE  FOR  THIS  PROJECT 
UNIT  WEIGHT  IS  APPROXIMATELY  171  P.C.F.  RAIL  FACILITIES  AVAILABLE  AT 
QUARRY.  TESTING  REQUIRED. 


ONLY  THE  PENFIELD  MEMBER  ACCEPTABLE  FOR  THIS  PROJECT.  RAIL  FACILITIES 
NOT  AVAILABLE. 


UNIT  WEIGHT  VARIES  FROM  163  P.C.F.  TO  171  P.C.F.  ALL  CRUSHED  MATERIALS 
WILL  REQUIRE  TESTING. 
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PLATE  4 


POSSIBLE  SOURCES  FOR 

TYPES  A.B.C  AND  D  STONE 

SOURCE 

ROCK  TYPE 

PROPOSED  USE 

RADIAL 

DISTANCE 

-EOFRA.  CRUSHED  STONE  0  '.V.  OF  BUFFALO 

S.AG  CO.  IK..  OUARRY  AT  CHEEKTOWAGA 

N.Y.  .  OFF  1  TE  AT  BUFFALO  N.Y. 

ONONDAGA  FORMATION 

(LIMESTONE) 

TYPES  A,B,C  AND  D 

STONE 

119  Ml. 

NOV 

-f 

FEB 

MAR 

APR 

rRON’  1  ER  STONE  PRODUCT'S.  INC. 

QUARRY  AT  .OCKPORT.  N.Y. 

OFF  1  CE  AT  LOCKPORT.  N.Y. 

LOCKPORT  FORMATION 
(DOLOMITE) 

TYPES  A,B,C  AND  D 

STONE 

123  Ml. 

FEB 

AUG 

GENERAL  CRUSHED  STONE  INC. 

QUARRY  AT  SODUS.  N.Y. 

0: F  |  CE  AT  EArTON.  PA. 

LOCKPORT  FORMATION 
(DOLOMITE) 

TYPE  D  STONE 

61  Ml. 

MAY 

FEE 

JUK 

JA* 

1 

.  .  i .  i  |»i  <••• 

T*  .  4  T4 

'Tw> 


LABORATORY  TEST  RECORD 


r 


DIAL 


EIM3 

DATE  TESTED 

laboratory 

PROJECT  FOR  WHICH  TESTED 

DATE  USED 

i  Ml. 

NOVEMBER  1965 

ORD  LAB 

LAB  »  103/66. 605C 

LOCAL  FLOOD  PROTECTION  PROJECT. 
SMOKES  CREEK,  STAGE  1 1  (RIPRAP) 

UNKNOWN 

| 

FEBRUARY  1971 

ORO  LAB 

LAB  *  103/71. 6I2C 

BUFFALO  DIKED  DISPOSAL  AREA  *2 
(RIPRAP) 

UNKNOWN 

MARCH  1972 

ORO  LAB 

LAB  ft  103/72. 606C 

CONFINED  DIKE  DISPOSAL  PROGRAM 
(CONCRETE  AGGREGATE) 

UNKNOWN 

APRIL  1973 

ORD  LAB 

LAB  ft  103/73. 337C 

IL 

8LACK  ROCK  LOCK  REHABILITATION 

MAY  1973 

1  Ml. 

FEBRUARY  1971 

AUGUST  1974 

■ 

MAY  1971 

FEBRUARY  1972 

JUNE  1973 

9 


ORD  LAB 

BUFFALO  DIKED  DISPOSAL  AREA  *'2 

LAB  ft  103/71. 6I2C 

(RIPRAP) 

CONFINED  DIKE  DISPOSAL  PROGRAM, 

UNKNOWN 

BUFFALO  HARBOR,  N.Y.,  SITE  4 

(ARMOR  STONE) 

ORD  LAB 

LITTLE  SODUS  BAY,  N.Y.  PIER  REPAIR 

LAB  *  I0I/7I.358C 

(CONCRETE  AGGREGATE) 

ORD  LAB 

LITTLE  SODUS  BAY,  N.Y.  PIER  REPAIR 

LAB  «  103/72. 607C 

(CONCRETE  AGGREGATE) 

ORD  LAB 

CONFINED  DIKE  DREDGE  DISPOSAL 

LAB  ft  103/73. 630C 

PROGRAM  (RIPRAP) 

_ 

UNKNOWN 


UNKNOWN 


UNKNOWN 


UNKNOWN 


UNKNOWN 


JANUARY  1974 


ER  REI 


UNKNOWN 


UNIT  WEIGHT  AVERAGES  168  P.C.f 


ONLY  THE  FIRST  LIFT.  WEST  QUA' 
P.C.F.  TO  169  P.C.F.  RAIL  FA( 


SPECIFIC  GRAVITY  VARIES  FROM 


BLACK  ROCK  LOCK  REHABILITATION 


SOME  POPOUTS  AND  SPALLING 
(1975) 


TYPE  II,  LOW  ALKALI  CEMENT  RE( 


T 

UNKNOWN 

UNKNOWN 

UNKNOWN 

i  UNKNOWN 

i 

UNKNOWN 

UNKNOWN 

UNKNOWN 

UNKNOWN 

UNKNOWN 

UNKNOWN 

UNKNOWN 

UNKNOWN 

THE  DECEW  MEMBER  NOT  ACCEPTABI 
FROM  162  P.C.F.  RAIL  FACILI7 


ONLY  THE  GASPORT  MEMBER  ACCEP 
ON  NYS  BARGE  CANAL  TO  BE  AVAI 
DECEW  MEMBER  CURRENTLY  BEING 
WILL  REQUIRE  TESTING.  _ 


ALL  CRUSHED  MATERIALS  WILL  RE 


REMARKS 


UNIT  WEIGHT  AVERAGES 

168  P.C.F. 

ONLY  THE  FIRST  LIFT. 

WEST  QUARRH  TSTEC. 

uni  r 

WEIGHT 

VARIES 

FROM 

166 

P.C.F.  TO  169  P.C.F. 

RAIL  FACILITIES  NOT 

AVAILABLE. 

SPECIFIC  GRAVITY  VAR 

IES  FROM  2.68  TO  2.70, 

,  LOW 

ALKALI 

CEMENT 

REQUI 

RED. 

TYPE  II,  LOW  ALKALI 

CEMENT  REQUIRED. 

THE  DECEW  MEMBER  NOT  ACCEPTABLE  FOR  THIS  PROJECT.  UNIT  WEIGHTS  VARY 
FROM  162  P.C.F.  RAIL  FACILITIES  NOT  AVAILABLE. 


ONLY  THE  GASPORT  MEMBER  ACCEPTABLE  FOR  ARMOR  STONE.  LOADING  FACILITIES 
ON  NYS  BARGE  CANAL  TO  BE  AVAILABLE.  SELECTIVE  QUARRYING  REQUIRED. 

DECEW  MEMBER  CURRENTLY  BEING  RETESTEO  (JULY  1975).  CRUSHED  MATERIALS 
WILL  REQUIRE  TESTING. 


ALL  CRUSHED  MATERIALS  WILL  REQUIRE  RETESTING. 
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POSSIBLE  SOURCES  FOR  TYPES  A,B,C  AND  D  STONE 

SOURCE 

ROCK  TYPE 

PROPOSED  USE 

RADIAL 

DISTANCE 

GENERAL  CRUSHED  S  TONE  CO. 

OUA»RY  AT  HONEOYE  FALLS,  N.Y 

OFFICE  AT  EASTON.  PA. 

ONONDAGA  FORMATION 
(LIMESTONE) 

1 — - - - - 

TYPES  A,B,  C  AND  D 

STONE 

6&  Ml. 

DEC 

GENERAL  CRUSHED  STONE  CO. 
QUARRY  AT  LE&OY.  N.Y. 

OFF  ICE  AT  EASTON.  PA. 


ONONDAGA  FORMATION 
(LIMESTONE) 


GENESEE  STONE  PRODUCTS  CORP. 
QUARRY  AT  STAFFORD.  N.Y. 
OFFICE  AT  BATA  ^ I  A.  N.Y. 


LABORATORY  TEST  RECORD 


DATE  TESTED 


ECEMBER  1971 


ECEMBER  1971 


LABORATORY 


PROJECT  FOR  WHICH  TESTED 


DATE  USED 


ORD  LAB 

LAB  103/72  602C 


WELLSVILLE  RECTIFICATION  PROJECT, 
WELLSVILLE,  N.Y.  (RIPRAP) 


UNKNOWN 


(ECEMBER 

1971 

JANUARY 

974 

0R0  LAB 

LAB  H  103/72. 602C 


ORD  LAB 

LAB  103  /74. 6  IOC 


WELLSVILLE  RECTIFICATION  PROJECT,  nuifMnwn 
WELLSVILLE,  N.Y.  (RIPRAP) 


WELLSVILLE  RECTIFICATION  PROJECT,  UNKNOWN 
WELLSVILLE,  N.Y.  (RIPRAP) 


WELLSVILLE 
PROJECT  (R 


UNKNOWN 


JULY  1959 

ORD  LAB 

LAB  *  4I2/59Z 

NORTH  ENTRANCE.  BUFFALO  HARBOR, 

N.Y.  (CORE  STONE) 

UNKNOWN 

SEPTEMBER  1965 

ORD  LAB 

LAB  H  103/66. 602C 

LOCAL  FLOOD  PROTECTION  PROJECT, 
SMOKES  CREEK,  STAGE  II,  (RIPRAP) 

UNKNOWN 

:EBRUARY  1971 

ORD  LAB 

LAB  A  103/71. 6I2C 

BUFFALO  DIKED  DISPOSAL  AREA  ft 2 
(RIPRAP  AND  SPALLS) 

— 

1971 

UNKNOWN 


APRIL  1972 


ORD  LAB 

LAB  i  103/72. 606C 


CONFINED  DREDGE  SPOIL  DISPOSAL 
PROGRAM  (CONCRETE  AGGREGATE) 


UNKNOWN 


UNKNOWN 


SERVICE  RECORD 


PROJECT 


EVALUATION 


WELLSVILLE  EMERGENCY  FLOOD  CONTROL  SATISFACTORY 
PROJECT  (RIPRAP)  J  """  v 


QUARRY  NOT  RESPONSIBLE  FOR  GRADATI 
P.C.F.  TO  168  P.C.F.  RAIL  FACILIT 
CRUSHED  MATERIAL  WILL  REQUIRE  TEST 


UNIT  WEIGHT  AVERAGES  I67  P.C.F.  Q 
UNIFORM  SIZE  RIPRAP.  R„IL  FACILIT 
CRUSHED  MATERIALS  WILL  REQUIRE  TES1 


UNKNOWN 

UNKNOWN 

ONLY  THE  FIRST  AND  SECOND  LIFT  ACC 
168  P.C.F.  RAIL  FACILITIES  NOT  AY 

UNKNOWN 

UNKNOWN 

THE  THIRD  UR  IS  NOT  ACCEPTABLE. 

UNKNOWN 

UNKNOWN 

UNKNOWN 

TOO  THIN  BEDDED  FOR  USE  ON 

PROJECT  TESTED  FOR 

BUFFALO  DIKE9  DISPOSAL  AREA  #2 
(RIPRAP  AND  dPALLS) 

TOO  EARLY  TO  EVALUATE 

UNKNOWN 

UNKNOWN 

CRUSHED  MATERIALS  WILL  REQUIRE  TES 


ONLY  THE  SECOND  LIFT  TESTED  AND  USI 
P.C.F.  TO  171  P.C.F.  RAIL  FACILIT 


NOT  RECOMMENDED  FOR  USE  AS  CONCRET 
REQUIRED. 


SOURCE 


POSSIBLE  SOURCES  FOR  TYPES  A,B,C  AND  D  STONE 

ROCK  TYPE  PROPOSED  USE 


LANCASTER  STONE  PRODUCTS  CORP. 
rJ\KFY  AT  CLARENCE.  N.Y. 

OFF  CE  AT  w  L  L I  AMC  .  I  _L  E .  N.Y. 

LANDSTROM  GRAVEL  PIT 
PIT  AT  ITHACA,  N.Y. 

OFFICE  AT  ITHACA.  N.Y. 


ONONDAGA  FORMATION 
(. IMESTONE) 

GLACIAL  DEPOSIT 


NIAGARA  STONE  DU.  OF  GREAT  LAKES  COLOR 

PR  N'ING  CORP..  CUARRY  AT  NIAGARA  FALLS.  LOCKPORT  F0RMAT I  ON 
N  r.  'FLETCHERS  CORNERS)  OFFICE  AT  (DOLOMITE) 

Nl AjARA  FALLS.  N.Y. 


TYPES  A, B, C  AND  D 
STONE 

TYPE  D  STONE 


TYPES  A,B,C  AND  D 
STONE 


ROY  A. TON  STONE  PRODUCTS. 
QUARRY  AT  GASPCRT.  N.Y. 

0 F c  I  C F.  A ”  GASPORT.  N.Y. 


LOCKPORT  FORMAT, ON 
(DOLOMITE) 


TYPES  C  AND  D 
STONE 


WARREN  BROS. 

ouarry  at  canoga.  n.y. 

OFFICE  AT  GENEVA.  N.Y. 


ONONDAGA  FORMATION 
(LIMESTONE) 


TYPES  A,B,C  AND  D 
STONE 


115  Ml.  JoCTC 


3  Ml .  UNK 


132  Ml.  I F EBF 


116  Ml.  PEBf 


32  Ml.  OCTi 


LABORATORY  TEST  RECORD 


DATE  TESTED 

LABORATORY 

OCTOBER  1967 

0R0  LAB 

LAB  ■  103/68. 605C 

N KNOWN 

UNKNOWN 

FEBRUARY  1971 

ORD  LAB 

LAB  *  103/71. 6I2C 

DATE  USED 


BUFFALO  DIKED  DISPOSAL  AREA  *  1 
(RIPRAP) 

UNKNOWN 

UNKN 

UNKNOWN 

UNKNOWN 

UNKt 

BUFFALO  DIKED  DISPOSAL  AREA  *2 
(RIPRAP) 

UNKNOWN 

UNKN 

SERVICE  RECORD 


PROJECT 


EVALUATION 


ONLY  THE  LOWER  LIFT  TESTED  (1967).  UNIT  W 
TO  169  P.C.F.  RAIL  FACILITIES  NOT  AVA I  LAB. 
CRUSHED  MATERIALS  WILL  REQUIRE  TESTING. 


TESTING  REQUIRED  AN  ACCEPTABLE  SOURCE  FOI 


BOTH  LIFTS  CONSISTING  OF  OAK  ORCHARD.  ERAM< 
MEMBERS  ACCEPTABLE.  UNIT  WEIGHT  VARIES  FR 
RAIL  FACILITIES  AVAILABLE.  MANAGEMENT  MAY 
SIZE  MATERIAL, CRUSHED  MATERIALS  REQUIRE  TE 


ONLY  MATERIALS  FROM  EAST  END  OF  OUARRY  TES 
FROM  163  P.C.F.  TO  165  P.C.F.  RAIL  FAC : L I 
CRUSHED  MATERIALS  REQUIRE  TESTING 


3 


UNIT  WEIGHT  VARIES  FROM  166  P.C.F.  TO  169 
CRUSHED  MATERIALS  REQUIRE  TESTING. 


COY  GLEN 
ITH  Al 

ENERGY  Dl 
AND  I 

MATEF 

U.  S.  ARMY  EN 
TO  ACCOMPANY  DE 


,nr  - ■ —  - 

ft  •' 

•  jjt. 

REMARKS 

ONLY  THE  LOWER  LIFT  TESTED  (1967).  UNIT  WEIGHT  VARIES  FROM  166  P  C  F 

TO  169  P.C.F.  RAIL  FACILITIES  NOT  AVAILABLE. 

CRUSHED  MATERIALS  WILL  REQUIRE  TESTING. 

TESTING  REQUIRED  AN  ACCEPTABLE  SOURCE  FOR  CAYUGA  INLET.  STAGE  III. 

BOTH  LIFTS  CONSISTING  OF  OAK  ORCHARD.  ERAMOSA  AND  UPPER  GOAT  ISLAND 
MEMBERS  ACCEPTABLE.  UNIT  WEIGHT  VARIES  FROM  166  P.C.F.  TO  T4  P.C.F. 

RAIL  FACILITIES  AVAILABLE.  MANAGEMENT  MAY  BE  RELUCTANT  TO  PRODUCE  LARGE 
SIZE  MATERIAL.CRUSHED  MATERIALS  REQUIRE  TESTING. 

I 

ONLY  MATERIALS  FROM  EAST  END  OF  QUARRY  TESTED.  UNIT  WEIGHT  VAR.ES 

FROM  163  P.C.F.  TO  165  P.C.F.  RAIL  FACILITIES  AVAILABLE. 

CRUSHED  MATERIALS  REQUIRE  TESTING 

1 

UNIT  WEIGHT  VARIES  FROM  166  P.C.F.  TO  169  P.C.F. 

CRUSHED  MATERIALS  REQUIRE  TESTING. 

COY  GLEN  AND  CAYUGA  INLET 
ITHACA  ,  NEW  YORK 

ENERGY  DISSIPATOR  FACILITIES 
AND  RIPRAP  REPAIR 

MATERIAL  SURVEY 

U  S.  ARMY  ENGINEER  DISTRICT,  BUFFALO 

TO  ACCOMPANY  DESIGN  ANALYSIS,  AUGUST  1975 
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END 


DATE 

FILMED 


DTIC 


